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Abstract 
Dairy herds are raised under dry climate in Tunisia which make them subject to heat stress which is known 
to considerably decline their milk yield. This paper aimed to evaluate heat stress impact on the dairy 
performances of the Tunisian North West cows. We used 4789 test-day recorded between 2008 and 2011 on 
585 Holstein cows in their first three parities, calved between 2007 and 2011 and belong to 10 herds from 
the Tunisian North-West area. Temperature and humidity data were associated to each test-day and Thermal 
Humidity Indexes (THI) were calculated. First, the effect of temperature and humidity factors were assessed 
separately, then the effect of their interaction and finally the effect of their THI using three statistical models. 
For model 2 and 3, all fixed factors were significant (P<0.001) while for model 1 the humidity didn’t show a 
significant on the milk performances. The highest milk yield was 51 kg and was found to be reached during 
the lowest daily temperature and the highest humidity; corresponding to the lowest THI index. The lowest 
milk yield was 1 kg and was found to be recorded during the hottest temperature and the lowest humidity; 
resulting in the highest THI; which have significantly exceeded the THIThreshold. Our analysis has showed that 
Tunisian dairy cows in the North West area undergo moderate heat stress during one third of the year and 
that the average milk yield decline is about 5 kg/day.  
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Introduction  
Tunisia is a North African country which is characterized by a dry climate, especially in the north area, 
where the average temperature is about 30°C and may reach 50°C during summer. Recent studies have 
showed that during the last fifty years the Tunisian climate has been marked by a remarkable drought which 
has interfere the livestock industry production; especially dairy cattle sector whose contribution is about 25% 
in the total livestock production (ALCOR-TEC- SNCC, 2012; Louhichi, 2013). Intensive selection program 
for high milk yield production in Holstein cows has affect their heat tolerance capacities. In fact, it was 
found that lactating cows begin to express heat stress for temperatures above 24°C and significant declines 
were recoded above 27°C; which is more expressed in high-producing cows (Ravagnolo et al., 2000). Heat 
stress level is defined by the air temperature, humidity, air movement, solar radiation and precipitations to 
which cows are exposed and could be appreciated by the calculation of temperature humidity index (THI). 
THI combines temperature and humidity into one value according to the expression (1): 
THI = (0.8 x T) + (HR/100) x (T-14.4) + 46.4 (1) (Aguilar, 2010). 
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In this context and based on the hypothesis that test-day yields reflect the effect of the weather conditions on 
daily milk yields (Ravagnolo et al., 2000), the purpose of this study was to studying the heat stress effect on 
the daily milk performances of the Holstein lactating cows in the North West area of Tunisia through 
evaluating the impact of temperature and humidity as separate and combined factors. 
Material and Methods 
Data 
A set of 4789 test-day data from the official milk recording was obtained from the Livestock and Pasture 
Office (O.E.P). Data were recorded between 2008 and 2011 on 585 Holstein cows in their first, second and 
third parity which were respectively calved at the age between 18 and 35 days, 28 and 49 days and 40 and 
63. Cows belong to 10 herds located in Kef region in the north-west area of Tunisia. Herd sizes have varied 
between 20 and 258 cows. Days in milk (DIM) have ranged between the 15th and the 365th day of lactation. 
Most of the cows were daily milked two (46%) or three (39%) times and only 15% were milked once. 
Weather data of the studied region were obtained from the National Institute of Meteorology of Tunisia and 
included daily average temperature, humidity, air movement, solar radiation and precipitations between 2008 
and 2011. Weather data were assigned to each test-day record in accordance to the control date. Seasons 
were defined according to the control month. THI were calculated using the formula listed by Aguilar 
(2010). Table 1 presents a summary of the final used data set in the analysis.  
Table 1. Description of the used data set  
Item Mean Minimum Maximum Standard deviation Observations 
Daily milk yield (kg) 18.02 1 51 6.64 4789 
1st daily milking  8.82 1 27 3.74 4789 
2nd daily milking 7.37 0 25 3.32 4030 
3rd daily milking 6.74 0 16 2.31 2121 
Days in milk (dim) 182.76 15 365 91.78 4789 
Calving age  38.13 21 63 10.83 4789 
Temperature (°C) 16.32 3.02 33.6 8.24 4789 
Humidity (%) 62.20 22 99 20.44 4789 
THI  59.25 38 78.26 11.16 4789 
Statistical analysis  
To assess the impact of heat stress on daily milk yield, three statistical models were used. In the first model 
(model 1), the temperature and humidity effects were assessed as separate effects on the average daily milk. 
In the second model (model 2), the interaction of the both factors was evaluated as a single factor. In the 
third model (model 3); as the temperature and humidity effect was defined as a function of THI (fi) which 
was defined as follow: 
f(i) = if THI ≤ THIThreshold    0 
if THI >THIThreshold    THI - THIThreshold with THIThreshold=72 (Revagnolo et al., 2000). 
Temperatures have varied between 3°C and 33°C and were classified in 11 groups and humidity have ranged 
between 22 and 99 and were classified into 4 groups as follow  H ≤ 30%, 30< H ≤45, 45<H≤60 and H>60. 
Model 1 was defined as follow:  
yijklmnopq = SYij + Ak + Fl + DIMm + PDIMnm + To + Hp + eijklmnopq 
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where yijklmnopqis test-day milk yield recorded in season i, during year j, from the cow aged within the class k, 
milked with the l frequency, within the m days in milk, in the n parity, under the temperature class o and the 
humidity p class. The season effect was studied within the year, SYij, as the effect of the interaction between 
season i (i= 1 to 4) and year j (j = 2008 to 2011); Ak was the effect of the cow age k (k= 1 to 8); Fl was the 
effect of the milking frequency l (l= 1 to 3); DIMm was the effect of DIM m (m= 1 to 35); the parity effect 
was studied within the days in milk, PDIMnm, as the effect the interaction between between the parity n (n=1 
to 3) and DIM m (m= 1 to 35); To was the effect of temperature o (o= 1 to 11), Hp was the effect of humidity 
p (p=1 to 4) and eijklmnopqis residual.  
Model 2 was defined as follow: 
yijklmnopq = SYij + Ak + Fl + DIMm + PDIMnm + THop + eijklmnopq 
where yijklmnopqis test-day milk yield is test-day milk yield recorded in season i, during year j, from the cow 
aged within the class k, milked with the l frequency, within the m days in milk, in the n parity, under the 
temperature class o and the humidity p class. The season effect was studied within the year, SYij, as the 
effect of the interaction between season i (i= 1 to 4) and year j (j = 2008 to 2011); Ak was the effect of the 
cow age k (k= 1 to 8); Fl was the effect of the milking frequency l (l= 1 to 3); DIMm was the effect of DIM m 
(m= 1 to 35); the parity effect was studied within the days in milk, PDIMnm, as the effect the interaction 
between between the parity n (n=1 to 3) and DIM m (m= 1 to 35); the temperature and humidity effects were 
studied as the interaction of the temperature class o (o= 1 to 11) within the humidity class p (p=1 to 4) and 
eijklmnopqis residual.  
Model 3 was defined as: 
yijklmnopq = SYij + Ak + Fl + DIMm + PDIMnm + f(i) + eijklmnopq 
where yijklmnopqis test-day milk yield is test-day milk yield recorded in season i, during year j, from the cow 
aged within the class k, milked with the l frequency, within the m days in milk, in the n parity, under the 
temperature class o and the humidity p class. The season effect was studied within the year, SYij, as the 
effect of the interaction between season i (i= 1 to 4) and year j (j = 2008 to 2011); Ak was the effect of the 
cow age k (k= 1 to 8); Fl was the effect of the milking frequency l (l= 1 to 3); DIMm was the effect of DIM m 
(m= 1 to 35); the parity effect was studied within the days in milk, PDIMnm, as the effect the interaction 
between between the parity n (n=1 to 3) and DIM m (m= 1 to 35); temperature and humidity effects were 
assessed as the function f(i) of THI index listed above and eijklmnopqis residual.  
All analyses were conducted with the GLM procedure of SAS program.  
Results 
Table 2 shows the mean and standard deviation of milk yield and weather data according to the control 
season. 
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Table 2. Mean, standard deviation, minimum and maximum of milk yield and weather data per control 
season 
Item Observation Seasons Mean Minimum Maximum SD 
Daily milk yield 
(kg) 
1317 Winter  19.16 2 51 6.79 
1155 Spring  18.35 1 51 6.89 
1351 Summer  17.20 1 44 6.12 
966 Autumn  17.21 3 40 6.55 
Temperature (°C) 1317 Winter  6.72 3.35 16.87 2.12 
1155 Spring  14.66 3.02 23.38 5.20 
1351 Summer  25.45 18.70 33.59 3.38 
966 Autumn  17.21 8.84 29.69 5.65 
Humidity (%) 1317 Winter  78.47 42 98 12.69 
1155 Spring  68.40 35 99 16.40 
1351 Summer  42.81 24 66 9.39 
966 Autumn  59.73 22 96 21.68 
THI 1317 Winter  45.62 39.80 61 3.70 
1155 Spring  57.70 38 69.97 7.80 
1351 Summer  71.23 64.11 78.26 3.38 
966 Autumn  62.94 49.53 74.35 6.29 
SD= standard deviation 
The highest average milk yield (19.16 kg) corresponded to winter during which the lowest average daily 
temperature (6.72°C) and the highest average humidity (78.47%) were recorded resulting in the lowest 
average THI (45.62). The lowest milk yield has corresponded to summer and autumn (17.20 kg) during 
which the hottest temperature and the lowest daily humidity were recorded (respectively 25.45 and 42.81 in 
summer; 17.21 and 59.73 in autumn) resulting in high average THI which have dramatically exceeded the 
THIThreshold (respectively 78.26 and 74.35 in summer and autumn). Figure 1 shows the daily milk variation in 
accordance to the average THI within the season.  
 
Figure1. Daily milk yield variation according to THI value within the season 
Using model 2 and 3, according to which heat stress was considered as a consequence of temperature and 
humidity combination effect, all fixed factors were found to have a significant (P<0.001) effect on daily milk 
yield. However, using model 1, where the temperature and humidity were analyzed as separate factors that 
lead to heat stress, humidity was found to have no significant effect on the average daily yield variability. 
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Table 3 shows the different obtained coefficient of determination, sum of squares for temperature and 
humidity and mean square errors. 
Table 3. Coefficient of determination, sum of squares for temperature and humidity and mean square errors 
for the 3 models  
 
 
 
 
 
 
*SS of the temperature effect as humidity was not significant  
Figure 2 illustrates the average milk yield variability as a function of temperature according to which the 
yield was noticed to be relatively constant and higher when the temperature was below 10°C.  
 
Figure 2.The temperature effect on the average daily milk yield 
Figure 3 shows daily milk variability when the temperature and humidity were considered interacting 
together resulting in a single factor for heat stress and according to which the yield significantly oscillate. 
 
Figure 3. The temperature and humidity interaction effect on the average daily milk yield. 
Both lowest and significant yields were registered within the same temperature range, i.e 14 to 16°C; but for 
different percentage of humidity respectively from 30 to 45% and from 45% to 60%. The best yield has 
Model R2 SS MSE VC 
Model 1* 0.33 2148.16 30.42 30.59 
Model 2 0.35 6775.61 29.63 30.19 
Model 3 0.34 4966.62 30.05 30.41 
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occurred when the temperature was between 12 and 14°C for the same humidity percentage, i.e 45% to 60%. 
High milk yields were recorded when the temperature was around 28°C but the humidity was very low, 
below 10%. The yield seems to decrease roughly by the same quantity when temperatures are between 10 
and 12°C and humidity is from 45 to 60% and above. For higher humidity levels, >60%, the yield was found 
relatively constant, regardless of the temperature range, showing an average yield. 
Figure 4 describes the milk yield variation as a function of THI indexes. 
 
Figure 4. Average daily milk yield variability as Effect of temperature and humidity as a function for heat-
humidity indexes f(THI). 
The optimal daily yield was 51 kg and was recorded for a THI=43 corresponding to the winter season, i.e 
January, when the temperature and humidity were respectively 6°C and 82%. Also for a THI= 52 
corresponding to the spring season as well, i.e March, when temperature and humidity were respectively 
about 10°C and 59%. The lowest daily yield was 1 kg for a THI = 54 and a THI = 70, corresponding 
respectively to temperature and humidity of about 12°C and 80% and 23°C and 50%; which were registered 
during spring and summer; i.e Mars and July. Average THI for both seasons was respectively 57 and 71, and 
days with a THI≥72 were perceived only during summer and were about 29 days during which average milk 
yield was about 17.20 kg.  
Discussion  
Our results have demonstrated that the lower the temperature is, the highest the humidity should be and vice 
versa in order to get a THI within the neutral zone, in accordance to the grid of THI for dairy cows 
elaborated by Lang (2011). Neutral THI were found to be generally registered during cool seasons while 
considerable THI during summer due high moisture in the air which distorts heat loss evaporation through 
body skin and respiratory tract and, thereby, leads to restricted level of yield, as it has been reported by Lang 
(2011) and Revagnolo et al. (2000). Based on our findings and considering that THI of 72 causes heat stress, 
it seems that dairy cows in the North West of Tunisia are predominantly within the threshold zone of heat 
stress while facing mild to moderate heat stress during one third of the year, in accordance to the 
explanations of Mitsunori and Shigeru (2003).  
It is tricky to estimate the accurate shape of the production decline under heat stress; as there is no fixed 
estimated value for the decline per unit of THI; which could be due to an unrepresentative number of records 
for a given THI as explained by Ravagnolo and Misztal (2000); however it has been found that milk yield 
drops when cows start to experience arise in their rectal temperature up to 38.5°C and 39°C (West, 2003; 
Ohnstad, 2017; Revagnolo et al., 2000). In fact, it has been reported by Aguilar (2010) that heat stress over 
the threshold, THI≥72, repress the daily milk yield of about 3.5 to 3.8 kg in US Holsteins milking cows. Our 
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findings have shown that daily milk yields for THI≥72 (table 4) declines, on average, of about 5kg. He has 
also found that lactating cows produce about 26.5 kg and 22.8 kg when the temperature and humidity are 
respectively around 18°C and 60% and 28°C and 40%. In our study, we found that the average milk yield is 
about 15.96 kg and 16.76 kg, within the same rang of temperature and humidity; showing a difference of 
40% and 26.5% in the yield. 
Table 4.Distribution, mean and standard deviation for milk yield per THI≥72. 
THI Observations % Mean (kg) Standard deviation 
≤72 3998 83.48 18.09 6.72 
72 196 4.09 16.12 5.55 
73 176 3.68 19.04 6.94 
74 276 5.76 17.84 5.94 
75 9 0.19 10.88 1.53 
76 115 2.40 19.16 5.98 
77 10 0.21 11.90 2.80 
78 9 0.19 14.00 3.53 
Total 4789 100 18.02 6.64 
 
Our results explain that Tunisian dairy cows, although they are subject to a mild heat stress, they experience 
important decline in their milk production. We tented also to appreciate the milk yield decline for THI≥72 by 
parity, which is shown in figure 6, and we have found that heat stress affect similarly the cow performances 
in different parities. 
 
Figure 6. Daily milk yield variation by parity for THI≥72. 
Bouraoui et al. (2009) have studied the relationship between THI and milk production in the North of 
Tunisia and they have found that average THI during summer was 78; that numbers of days with THI≥72 
were 24, and that milk yields under heat stress were respectively about 18.73 kg and 14.74 kg. They have 
also found that when THI values have increased from 68 to 72, the milk yield has dropped of about 21%, 
which was similar to findings of Mallonee et al. (1985) and Du Preez et al. (1990). Comparing to our results, 
it seems that heat stress effect is less pronounced in the North West of Tunisia. 
In the other hand, it has been reported that poor and unsuitable husbandry conditions lead to very 
uncomfortable environment for dairy cows which make them more likely to be exposed to heat stress when 
THI≥72. In fact, heat stress decreases feed intake by more than 30% and as a consequence, milk yield 
decreases approximatively by 40 to 50% and even more under severe conditions (Bray and Bucklin, 1996). 
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Our data have shown a maximum yield of 51 kg for THI = 43 during winter, a minimum yield of 1 kg for 
THI = 54 and THI = 70 during spring and summer, respectively, while an average yield of about 12 kg for 
THI≥72 during summer. The found trend has revealed that milk yield decline may reach 98% in hot seasons 
and 82% in cool season. This explains that Holstein cows, in the North West of Tunisia, seem to be raised 
under unfavorable environmental conditions which has traditionally been assumed to be primarily 
responsible for adequate level of milk production.  
Conclusion 
Heat stress is a very widespread phenomenon in several geographic regions. Although Tunisia is recognized 
by a particular arid climate, it seems that heat stress is less pronounced in the North West of the country. 
Milking cows in the particular area seem to be raised under uncomfortable husbandry conditions. However, 
it would be judicious to think about genetic selection for heat tolerance, or the identification of genetic traits 
that could possibly enhance the performances, especially since relevant daily performances have been 
registered in the region.  
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